Introduction
Since the introduction of highly active antiretroviral therapy (HAART), AIDS is no longer a terminal illness with rapid progression and high lethality, and has become a chronic disease 1 . However, the use of antiretroviral therapy has led to the emergence of long term co-morbidities, including metabolic changes 2, 3, 4, 5, 6, 7, 8 .
Recent studies have demonstrated increasing prevalence of overweight/obesity in the HIVpositive population, with rates paralleling those observed in the general population 9, 10, 11, 12, 13, 14 . Some studies of the nutritional profile of HIV-infected patients since the introduction of HAART have been carried out in Brazil, with relatively small samples (n < 400) 9, 12, 13, 14 . The results have pointed to overweight/obesity rates by body mass index (BMI) in excess of 30%.
The World Health Organization (WHO) suggests the following classification by BMI values: thinness (< 18.5kg/m 2 ); eutrophy (18.5-24 .9kg/m 2 ); overweight (25-29. 9kg/m 2 ); obesity (30-39.9kg/ m 2 ) and morbid obesity (> 40kg/m 2 ) 15 . These cutoff points are based on statistical analysis and the extremes of normal nutrition -thinness and overweight/obesity -are associated with greater risk of developing chronic diseases that have major public health impacts 16 .
The nutritional changes experienced by individuals living with HIV/AIDS seem to be related both to the recent use of HAART and to the di-ARTIGO ARTICLE etary patterns and habits of each population 17 . Therefore, this study aims to estimate the prevalence of thinness and overweight/obesity in the HAART era, and to identify related factors in patients with HIV/AIDS in follow-up by referral health services in Pernambuco State, Brazil. There are no published studies on the BMI profile of people living with HIV/AIDS in Pernambuco State, which currently has the highest incidence rate (18.7 per 100,000) of reported AIDS cases in the Northeastern Region 18 .
Method
This is a cross-sectional study of HIV/AIDS patients of both sexes attending two health service referral centers in Recife, Pernambuco, in the Northeast region of Brazil, between June 2007 and October 2009. These two health centers -Correia Picanço Hospital and Oswaldo Cruz University Hospital -are responsible for about 75% of care for people living with HIV/AIDS in Pernambuco.
Study participants were those who agreed to take part and signed a consent form addressing the ethical aspects of the research 19 . Only patients aged 18 years old or more were included in the study. Those patients who did not reside in Pernambuco State were excluded.
This study was approved by the research ethics committee at Oswaldo Cruz University Hospital (protocol no. 12/2006).
Data collection
Data were collected in structured face-to-face interviews by applying a questionnaire specially designed for this research. Additional information was extracted from patient medical records on a form designed for this purpose. The interview was conducted by health personnel previously trained in applying the questionnaire and evaluated periodically by the field work coordinator, while the data from medical records were collected by the main researcher of this study.
Study variables
The prevalence study was concerned primarily with BMI, according to the classification criteria proposed by the WHO 15 . Analysis was based on the following classification: thinness (BMI < 18.5kg/m 2 ); eutrophy (BMI 18.5-24.9kg/m 2 ); and overweight/obesity (BMI ≥ 25kg/m 2 ).
Case control analysis was also performed to identify the factors associated with the two outcomes considered -thinness and overweight/ obesity -by comparison with controls (patients classified as eutrophic). The study subjects were weighed using the same anthropometric scale (Filizola S.A., Brazil), which was calibrated periodically during the study period. Height was measured with the patient standing barefoot against a non-extending vertical shaft, with the neck, buttocks and heels touching the shaft.
Biological, socioeconomic, demographic, behavioral, clinical, and laboratory variables potentially associated with the study outcomes were investigated. All individuals who tested positive for HIV, using the ELISA test, immunofluorescence, Western blot or the rapid test, as defined by the Brazilian Ministry of Health, were deemed to be HIV positive. The adapted Centers for Disease Control and Prevention (CDC) criteria and the Rio de Janeiro/Caracas criterion, both adopted by the Brazilian Ministry of Health for individuals aged 13 years older 20 , were used to determine cases of AIDS.
Standardization of techniques
The EuroSIDA criteria were used for establishing the presence of anemia; i.e., hemoglobin levels below 14g/dL for men and below 12g/dL for women 21 . Serum albumin was processed using Targa 3000 biochemical analyzer and the colorimetric method to determine serum albumin.
Hypoalbuminemia was defined as serum albumin below 3.5g/dL, which was the criterion used by Feldman and colleagues 22 . The CD4 count was performed by way of flow cytometry using anti-CD4 antibodies labeled with fluorescent dye. The rapid tests used were Rapid Check HIV 1 & 2 (NDI -Núcleo de Doenças Infecciosas, Vitória, Espírito Santo, Brazil) and Teste Rápido -HIV-1/2 Bio-Manguinhos (Biomanguinhos, Fundação Oswaldo Cruz, Rio de Janeiro, Brazil).
Statistical analysis
The data were stored in a database created especially for this research, employing Microsoft's FQL program, Excel (Microsoft Corp.). Double data entry using Epi Info software version 6.04 (Centers for Disease Control and Prevention, Atlanta, USA). Stata 9.0 (Stata Corp., College Station, USA) was employed to describe frequencies, calculate averages, and perform univariate and multivariate multinomial analyses.
The magnitude of the associations was expressed in terms of odds ratios (OR). Statistical significance of associations was ascertained using the chi-square test for category variables, with a p-value < 0.05 and 95% confidence interval (95%CI). Multinomial analysis was used because of the interest in studying the two outcomes sepa- rately: comparing both thinness and overweight/ obesity with the eutrophic controls. The order in which variables were input for multinomial multivariate analysis was guided by the theoretical model and by the statistical significance of the association given by univariate analysis 23 with p < 0.20. Variables were retained in the final multivariate model if their association with at least one of the outcomes was statistically significant with p < 0.05.
Results
Prevalence of thinness and overweight/obesity, and study population characteristics Of the total 2,074 patients eligible for the study, 56 (2.7%) were excluded because they did not live in Pernambuco. Among the 2,018 individuals studied, 1,192 (59%) were of normal weight and assigned to the control group. The prevalence of thinness was 8.8% (178), and of overweight/ obesity, 32.1% (647). The study population was predominantly male (1,254 -62.1%), and about half (1,050 -52.1%) were aged between 18 and 39 years.
Stratification by sex showed that, among men, most were eutrophic (775 -61.8%), and the frequency of overweight/obesity (363 -29%) was three times higher than the frequency of thinness, (116 -9.2%). Among women, 54.6% were eutrophic and the frequency of overweight/ obesity was also higher than thinness (a ratio of 4.5:1).
Obesity and overweight were more frequent among women (37.2%), and distribution of the three BMI categories by sex differed significantly (p < 0.001).
Most individuals were eutrophic: 638 (60.8%) of the 18 to 39 year olds and 554 (57.3%) of the ≥ 40 year olds. In both age groups, a higher percentage was overweight/obese than thin: among individuals aged 18-39 years old the prevalence of overweight/obesity was 29.2% (307), and thinness, 10% (105); among those aged ≥ 40 years, 340 (35.2%) were overweight or obese, and 73 (7.6%), thin. These differences were statistically significant (< 0.05).
Levels of plasma albumin were observed in 1,741 (86.3%) individuals. Serum albumin below 3.5g/dL was found in 91 (5.2%) and, of these, 67% were eutrophic and 7.7% overweight or obese. Of the 1,650 (94.7%) patients with serum albumin of 3.5g/dL or over, 116 (7%) were thin. The differences in BMI distribution for the two plasma albumin level groups were statistically significant (< 0.001) ( Table 1) .
The CD4 T cell count found 385 (21.4%) individuals with 200cells/mm 3 or less. In this group, the percentages of individuals overweight/obese (79 -20.5%) and thin (66 -17.1%) were similar. By contrast, among patients with CD4 cell counts ≥ 200cells/mm 3 , frequency of overweight/obesity (507 -35.8%) was much higher than frequency of thinness (89 -6.3%).
The population distribution by categories of BMI, and socioecomonic and demographic factors, are presented in Table 2 . Most individuals (74.25%) reported having non-white skin color, living in the Recife metropolitan area (55.26%), being literate (88.72%), and having been unemployed in the week preceding the interview (73.89%).
Around a quarter of patients (544 -27%), did not report their monthly income. Of the 1,474 (73%) who reported an income, 704 (47.8%) had monthly income of less than one statutory "minimum wage" (R$ 350.00 or US$ 191 in 2008).
Strikingly, in this lowest income category, 202 (28.7%) patients were overweight or obese and 81 (11.5%) were thin. Among people with incomes ≥ 2 minimum wages, representing 12.5% of those who reported income, overweight/obesity was observed in 57 (31%) subjects, and thinness in 7 (3.8%). Most participants reported having no steady partner (53.5%). In this group, 61.9% were eutrophic, 10.2% thin and 27.9% overweight/ obese, while BMI distribution among those with steady partners was 55.9% eutrophic, 7.4% thin and 36.8% overweight/obese. The frequency of overweight/obesity was higher among those with no steady partner, and the difference was statistically significant (p < 0.001).
With respect to living habits, 51.6% of the individuals studied were sedentary, 27% were smokers, 33.9% consumed alcohol, and 27.8% had used illicit drugs at least once in their lives or were current users at the time of interview. Among the nonsmokers, prevalence of overweight/obesity (34.8%) was higher than among smokers (24.6%; p < 0.001). The prevalence of overweight/obesity was 34.1% among non-drug users, and 26.6% among users (p < 0.05).
Of the sedentary individuals, 11% were found to be thin, 30.3% overweight/obese, and 58.7% eutrophic. The difference in frequency distribution of thinness, eutrophy and overweight/obesity was statistically significant for the following variables: sedentary lifestyle (p < 0.05), smoking (p < 0.001), alcohol consumption (p < 0.001), and illicit drug use (p < 0.05) ( Table 3) .
With regard to clinical characteristics, it was found that 82.9% of all the patients had been HIV positive for less than three years, and 86.4% had AIDS. Among the individuals studied, 82.3% were undergoing antiretroviral therapy (ARV). Among ARV users, the frequency of overweight/obese was 32.4% and the frequency of thinness was 7.8%. A record of an opportunistic disease within the past three months was found in 46.2% of the study population. Of these, 62% were eutrophic, 11.8% were thin and 26.2%, overweight/obese (Table 4) .
Multinomial univariate analysis
Univariate multinomial regression analysis showed that albumin level < 3.5g/dL was associated with BMI < 18.5kg/m 2 and with BMI ≥ 25kg/m 2 . The presence of anemia was associated with BMI < 18.5kg/m 2 and BMI ≥ 25kg/m 2 . Table 1 shows the statistically significant association between CD4 cell count < 200 and both thinness and overweight/obesity. The univariate multinomial analysis also showed a statistically significant association between monthly income ≥ 2 minimum wages and BMI < 18.5kg/m 2 . Not having a steady partner was inversely associated with BMI ≥ 25kg/m 2 .
The association between BMI and opportunistic disease was statistically significant for both thinness and overweight/obesity. Occurrence of lymphoma or another cancer (2.8%) and occurrence of cirrhosis (2.9%) were not associated with thinness or overweight/obesity. On the other hand, diabetes (3.9%) was associated with overweight and obesity (Table 4) .
Multinomial multivariate analysis
In multinomial multivariate logistic regression analysis, eight variables showing statistically significant association with at least one of the outcomes (thinness or overweight/obesity) in patients with HIV/AIDS were retained in the final model. Table 5 shows the variables associated with thinness: CD4 T cell count < 200cells/mm 3 and anemia. The variables remaining in the final model with an independent association with overweight/obesity were age ≥ 40 years and diabetes mellitus. Variables inversely associated with overweight/obesity were having a steady partner, smoking, having an opportunistic disease, serum albumin < 3.5g/dL and anemia. 
Discussion
In the population studied, thinness was found in 8.8% of individuals and overweight/obesity in 32.1%. Eutrophic individuals accounted for 59.1%. The variables directly associated with overweight/obesity were found to be age ≥ 40 years and diabetes, while not having a steady partner, being a smoker, having had an opportunistic disease, serum albumin < 3.5mg/dL and anemia were inversely associated. CD4 count of < 200cells/mm 3 and anemia were associated with thinness.
Obesity is prevalent around the world, and this has been widely reported in the literature 16, 24, 25 . In Brazil, the last household survey on risk behaviors and self-reported morbidity for non-communicable diseases and injuries found increased prevalence of obesity. This survey was conducted between 2002 and 2003 in the population aged over 15 years, in 15 state capitals and the Federal District 11 .
Changes have been reported in the nutritional profile of individuals with HIV since the introduction of HAART, with an increasing prevalence of obesity and a decrease in thinness 9, 10, 12, 13 . Some studies have shown that rates of overweight and obesity found in people living with HIV/AIDS do not differ from those of the general population 9, 10, 12, 13, 16, 24, 25 .
The first Brazilian study of the nutritional status of a population with HIV/AIDS on antiretroviral therapy was conducted in São Paulo, and showed 30.5% of them to be overweight/obese 9 . Leite & Sampaio 12 found the proportion of overweight/obesity in people with HIV/AIDS in Rio de Janeiro to be approximately 50%. Although these studies used much smaller samples (n < 400) compared than in the present study (2,018), the results reported here show a prevalence of overweight/obesity (32.1%) very similar to that found by the São Paulo study.
The prevalence of overweight and obesity in the general population tends to increase with age. Gigante et al. 26 conducted a cross-sectional study involving 1,035 individuals and found that the prevalence of obesity in the adult population of Pelotas (Rio Grande do Sul State, Brazil) was four times greater in individuals aged over 40 years than in the group aged between 20 and 29 years. The same trend seems to be observed in the HIV-positive population.
The findings of this study demonstrate an association between age ≥ 40 years and overweight/ obesity. This age group has also been associated with central obesity 13, 27 .
Some authors have argued that metabolic complications, such as changes in body fat distribution, dyslipidemia and insulin resistance are common in HIV-infected adults on antiretroviral therapy 9, 28, 29, 30 , and overweight is an aggravating condition for developing such complications 10 . In this study, the use of HAART ceased to be associated with overweight/obesity in the final multivariate analysis model, possibly because the vast majority of patients were taking HAART (82.3%).
In the so-called HAART era, diabetes is now found with greater frequency among HIV patients. Brown et al. 31 showed that the incidence of diabetes was four times higher in an HIV-infected population exposed to HAART (mean BMI of 25kg/m 2 ) than among the uninfected (mean BMI of 26kg/m 2 ). Our study found a significant association between diabetes and overweight/ obesity, independent of the use of HAART. While the proportion of overweight/obesity is increasing in the HIV-positive population, the incidence and prevalence of diabetes also tends to increase, leading to a cycle that feeds back: diabetics gain more weight, and those who gain more weight tend to stay diabetic. Before HAART, weight loss and malnutrition were frequent, and wasting syndrome, a relatively common complication of advanced stages of HIV infection, came to be considered an AIDS-defining event from 1987 onwards 32, 33 . In the United States, one of the effects of reduced morbidity following the use of antiretroviral therapy, and especially HAART, was a decline in the incidence of wasting syndrome between 1992 and 1999, with a more pronounced trend after the end of 1995 34 , which coincides with the beginning of the HAART era.
Despite these changes, thinness continues to be reported in studies of AIDS. Recently, Sieleunou et al. 35 studied a population of 2161 HIVpositive individuals on HAART living in Cameroon, and found a percentage of 56% of thinness.
Furthermore, it can be suggested that the use of HAART alone is not a determining factor for change in the nutritional profile of these patients, despite the direct association with changes in adipose tissue and insulin resistance. In fact, the nutritional changes experienced by the individual with HIV/AIDS would also be expected to vary with dietary and genetic differences within each population 17 .
The frequency of thinness found in the present study (8.8%) differs from that found by Sieleunou et al. 35 . The low prevalence of underweight individuals in the study population may be due to the fact that most of the subjects studied were receiving HAART and had good immune control. The mean CD4 T cell found in this study was 432.1cells/mm 3 . Rousseau et al. 36 , after two assessments of nutritional status in patients before and after HAART use, concluded that the use of antiretrovirals may help prevent weight loss. De Luis et al. 37 found that the average BMI in 119 HIV-infected individuals using HAART was 22.5kg/m 2 . Low serum albumin has been used as an indicator of malnutrition when assessing nutritional status 38 . In this study, among patients who had serum albumin (1,741 -86.3%), the vast majority (94.8%) had serum albumin levels ≥ 3.5mg/ dL, thus differing from results reported by other authors 39, 40, 41 .
Low levels of albumin (< 3.5mg/dL) were statistically associated with the two outcomes in opposite directions: directly associated with thinness and inversely associated with overweight/ obesity.
A recent study found contradictorily increasing trends in prevalence of both overweight/obesity and anemia in Brazil 42 . Its authors identified anemia, for its magnitude, as the principal deficiency problem in Brazil. For Mocroft et al. 21 , anemia is a relatively common clinical condition in HIV-positive individuals, owing to the specific effects of the infection, the use of antiretroviral drugs, and even insufficient food intake. In the present study, anemia was directly associated with thinness, and inversely with overweight/ obesity.
Understanding the association between anemia and thinness is relatively easy, since the association between protein-calorie malnutrition and anemia in HIV-positive individuals is already well established in the literature 39, 43, 44 . However, it would appear to be more difficult to understand the association between anemia and overweight/ obesity in this same population. As of the time of writing, we are aware of no studies addressing the association between obesity, anemia and HIV/AIDS. However, we can interpret our findings in the context of what is already established: i.e., that the risk factors for the development of overweight and obesity are the nutritional factors involved in a high calorie diet, characterized by excessive consumption of sugars, animal fats, saturated fatty acids and trans fat, which do not constitute a healthy enough diet to maintain normal levels of hemoglobin in the blood. We found a strong association between CD4 cell count < 200cells/mm 3 and thinness. Moreover, the association between levels of CD4 < 200cells/mm 3 and overweight/obesity was not statistically significant. It is known that immune depletion resulting from HIV/AIDS leads to malnutrition, which in turn exacerbates the immune dysfunction 45 .
In the study population, not having a steady partner was inversely associated with overweight/obesity. There seems to be an association between overweight/obesity and having social support -represented in this study by the presence of a steady partner -which is no different among HIV-positive individuals and the general population. However, it should be emphasized that no studies were found on the possible association between overweight/obesity and having a steady partner (a proxy variable for social support) in people living with HIV/AIDS.
Other socio-economic and demographic variables were studied, such as self-reported skin color, city of residence, education, employment, and economic income. However, no associations were found between them and thinness and/or overweight/obesity.
Smoking is one of the most serious public health problems worldwide, and has become an epidemic affecting not only people's health, but also national economies and the environment. In agreement with the studies of Amorosa et al. 46 and Boodram et al. 47 , the present study found that smoking was inversely associated with overweight/obesity.
The occurrence of opportunistic infections diminished significantly after the introduction of antiretroviral therapy 10, 48 , and a statistically significant association has already been demonstrated between the occurrence of opportunistic infections and a reduction in body weight 17 . This evidence could explain the findings to the effect that the occurrence of opportunistic infections in the past three months was inversely associated with overweight/obesity.
One limitation of this study is the possible presence of "reverse causality" in some of the associations studied. However, the results are important because they identify factors associated with thinness and overweight/obesity in a large population of people living with HIV/AIDS. Furthermore, they draw attention to a likely transition in the nutritional profile of patients with HIV/AIDS.
Early in the epidemic, before the advent of HAART, there was a high prevalence of thinness. Now we are seeing a shift away from the old pattern of BMI categories, with high frequencies of overweight and obesity in people living with HIV/AIDS. It is possible that very soon, new drugs with fewer adverse effects in terms of metabolic changes that can lead to overweight/obesity will be developed, eventually leading to a decrease in the prevalence of overweight/obesity in this population. A further, more subjective question could be raised regarding the stigma attached to HIV/AIDS. The fact that wasting syndrome has been so strongly linked to AIDS may lead individuals infected with HIV to adopt a high-calorie diet and avoid physical exertion, as a reaction to the stigma associated with weight loss.
These results indicate the importance of incorporating dieticians into the routine of referral services as a way of providing more comprehensive care for individuals with HIV/AIDS. This will make it possible to implement preventive actions and adequate monitoring of patients' nutritional status, through not only BMI, but other anthropometric data (triceps skinfold, arm circumference, and waist and hip measurements), along with biochemical, clinical and dietary factors.
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